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Brain　Activity　after　Wearing　a　Twin　Block　Appliance
satoshi　YosHINAGA,　Masakuni　HIRosE
shinji　NAkAMuRA　and　Tbshihiko　HIMuRo
　　　 To　investigate　the　effects　of　mandibular　advancement　with　a　twin　block　appliance
(TBA)on　brain　activity　in　the　prefrontal　cortex　during　gum　chewing　in　ClassⅡdivision
1malocclusion.　The　study　group　consisted　of　20　males(25.1±3.O　years　old),　who　were
divided　into　10　Class　I　individual　normal　occlusion　subjects　with　a　favorab1e　facial　mor-
phology　and　10　ClassⅡdiv　 l　malocclusion　subjects　with　retruded　mandible.　Brain　ac-
tivity　in　the　prefrontal　cortex　was　measured　using　near-infrared　spectroscopy(NIRS).
Without　wearing　a　TBA,　we　found　that　the　concentration　of　oxygenated　hemoglobin
(02Hb)in　the　left　prefrontal　cortex　was　significantly　ower　in　the　ClassⅡgroup　 than　in
the　Class　I　group.　In　both　groups,　the　concentration　of　O2Hb　 in　the　right　prefrontal
cortex　was　significantly　elevated　when　a　TBA　was　used　at　the　O-mm　 protruding　position
as　compared　to　when　 a　TBA　 was　not　used.　No　statistically　significant　differences　were
observed　between　the　groups　with　a　TBA　at　the　O-mm　 protruding　position.　There　was　no
increase　in　O2Hb　concentration　in　the　ClassⅡgroup　 when　the　mandible　was　advanced
stepwise　to　the　8-mm　 protruding　position　with　a　TBA.　In　contrast,　VAs(visual　analog
scale)scores,　used　for　rating　the　level　of　discomfort,　increased　in　accordance　with　the
increase　in　mandibular　advancement.　Our　results　suggest　that　measurement　 of　brain
activity　in　the　prefrontal　cortex　by　NIRS　 might　be　useful　for　monitoring　discomfort
when　masticating　with　a　TBA.
Key　words:prefrontal　cortex,　Twin　block　appliance,　motion,　mandibular　advancement,　NIRs
INTRODUCTION
　　ClassⅡdiv　l　malocclusion1)generally　arises
from　mandibular　bradyauxesis　and　causes
narrowing　of　the　upper　tooth　row,　deep
overbite,　and　excessive　overjet2～5).　Orthodontic
treatments　for　the　condition　include　'bite
jumping,　mandibular　advancement,　and　lateral
expansion.　A　twin　block　appliance(TBA)6,7)is
an　orthodontic　appliance　that　exerts　three-
dimensiona1　control　over　the　upper　and　lower
jaws.　It　has　been　shown　to　be　effective　for
treatment　of　ClassⅡ　 div　1　malocclusion,
and　has　been　used　for　patients　in　the　growth
period　as　well　as　young　adults.　A　TBA　 guides
the　lower　jaw　forward　for　chewing　movement,
which　facilitates　growth　of　the　articular　process.
However,　the　appliance　can　cause　discomfort,　as
it　forcefully　advances　the　lower　jaw　and　exerts
stress　on　mandibular　movement　 immediately
af七er　fitting.
　　The　prefrontal　cortex　is　the　high-order　nerve
center　involved　in　thinking,　behavior　control,
and　decision　making,　and　is　also　involved　in　the
perception　of　pleasant　and　unpleasant　feelings.
Davidson　etal8).　found　that　a　pleasant　feeling
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enhanced　EEG　activity　inthe　left　hemisphere,
while　an　unpleasant　feeling　elevated　activity　in
the　right　hemisphere.　In a　study　that　utilized
fMRI,　Ueda　etal9).　reported　that　pleasant　s imuli
induced　activation　of　the　left　prefrontal　cortex
and　unpleasant　s imuli　induced　that　of　the　right
prefrontal　cortex.　Morinaga　etall0).　clarified　those
findings　u ing　NIRs　and　noted　that　elevation
of　oxygenated　hemoglobin　levels　in　the　right
prefrontal　cortex　might　be　related　to　an　uneasy
feeling　insubjects　prior　to　measurements.　These
findings　strongly　suggest　hat　pleasant　feelings
are　associated　with　brain　activity　in the　left
prefrontal　cortex　and　unpleasant　feelings　with
that　in　the　right　prefrontal　cortex8～12).
　　Brain　activity　is　genera11y　determined
on　the　basis　EEG　 findings　for　the　action
potential　ofnerve　cells.　uch　neuron　activity
activates　nergy　metabolism,　and　secondarily
increases　the　regional　cerebral　blood　flow
that　supplies　glucose　and　oxygen　to　the　brain.
Therefore,　measurement　of　regional　changes
in　hemoglobin　levels　by　optical　topography
provides　an　important　index　fbr　clarifying　the
site　where　cerebral　function　is　activated13).　For
brain　activity　induced　by　mastication,　it　has
been　shown　that　gum　chewing　activates　that
in　the　prefrontal　cortex14,15).　NIRs　represented
by　optical　topography　is　non-restrictive　and
different　from　fMRI　and　PET,　as　it　can　be　used
to　determine　brain　activity　during　mastication
movement　without　being　affected　by　the
mastiCatOry　mUSCIes16).
　　For　the　present　study,　we　 designed　an
experimental　plan　based　on　the　following
hypotheses:　(1)unpleasant　feelings　caused　by
TBA　fitting　elevates　brain　activity　inthe　right
prefrontal　cortex　and　(2)　an　increase　in　the
amount　of　mandibular　advancement　elevates
brain　activity　in　the　right　prefrontal　cortex.　For
the　purpose　of　elucidating　theactual　condition　f
the　unpleasant　feelings　caused　by　TBA　fitting　in
patients　undergoing　orthodontic　treatment,　we
determined　the　level　of　oxygenated　hemoglobin
in　blood　flow　in　the　prefrontal　cortex　using
optical　topography　to　investigate　whether　it
could　be　a　useful　index.　Thereaf七er,　we　attempted
to　clarify　brain　activity　in　the　prefrontal　cortex
that　is　involved　with　pleasant　and　unpleasant
feelings　in　patients　with　ClassⅡmalocclusion,
immediately　after　TBA　 fitting　and　during　gum-
chewing　while　the　lower　jaw　 was　 advanced
stepwise　to　protruding　positions.
MATERIALs&METHODS
　　1.Subjects
　　The　subjects　were　20　male　students[25.1±3.O
years　old(mean±sD)]of　our　university.They
were　divided　into　2　groups;the　ClassⅡgroup
consisting　of　10　students(24.9±4.3　years)who
demonstrated　mandibular　retrusion(ClassⅡ
div.1)in　a　facial　features　xamination(Regan-
Berston　Analysis17))and　the　Class　I group
consisting　of 10　students　(25.3±1.1　years)
who　had　characteristic　normal　occlusion　a d
balanced　facial　features.　The　ClassⅡgroup　had
an　overjet　of+11.1±4.2　mm,　while　that　in　the
Class　I group　was+1.9±0.5　mm,　which　were
significantly　different　(p<0.01).　All　subjects
were　right-handed.　The　study　was　performed
under　the　approval　of　the　Ethical　Review　Board
of　Ohu　University　af七er　obtaining　informed
consent　from　the　subjects.
　　2.Preparation　of　TBA
　　Aconstruction　bite　for　each　subject　was
registered　by setting　the　vertica1　dimension
between　the　central　incisors　ofthe　upper　and
lower　jaws　at　2　mm,　 and　the　10ngitudinal
dimension　at　O　mm　 using　a　Pro-Jet　Bite　Jigs
kit(Great　Lakes　Co.,　N.Y,　UsA).　Thus,　the
occlusion　was　raised　by　about　3-5　mm　 at　the
molars.7　Cast　models　of　the　upper　and　lower
jaws　were　attached　to　an　articulator(FKO
Split　post-fix　zetor,　Dentauram　Co.,　Ispringen,
(20)
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Fig.1　Setting　of　mandibular　dvancement
Fig.4　1ntrospective　r port　using　a　VAS　score　in　the
　　　　　ClassⅡ　group.
　　　　　The　intensity　ofunpleasant　feelings　while　gum
　　　　　chewing　without　a　TBA　and　with　a　TBA　with
　　　　　 mandibular　advancement　of　O,2,4,6,　and　8　mm
　　　　　were　rated　using　a　VAs,　and　the　results　were
　　　　　 examined　with　Friedman'sχ2r-test.
Fig.2Task　and　mesurement
Fig.3　Analysis
Germany)using　a　Pro-jet　bite　gauge.Astainless
steel　screw　was　incorporated　into　the　block
of　appliance　fOr　the　upper　jaw,　making　it　in
parallel　with　the　occlusal　p ane,　as　a　mechanism
to　precisely　adjust　he　amount　of　mandibular
advancement.
　　3.Experimental　procedure
　　The　subjects　were　fitted　with　a　probe　cap
for　measuring　cerebral　activity　and　instructed
to　maintain　a　restful　sitting　posture,　then
Fig.5Comparison　of　brain　activity　during　um-chewing
　　　　　between　the　Class　I　and　ClassⅡgroups　without
　　　　　aTBA(P<0.05).
chewed　gum　 softened　by　chewing　in　advance.
In　the　Class　I　group,　the　levels　of　oxygenated
hemoglobin,　considered　to　provide　an　index　of
brain　activity　in　the　prefrontal　cortex,　were
measured　over　time　under　the　conditions　of　with
and　without　a　TBA.　In　the　ClassⅡgroup,　those
(21)
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Fig.6　Brain　activity　during　um-chewing　in　the　Class　I　group(Pく0.05).
　　　　　To　determine　differences　b tween　with　and　without　aTBA,　a　Wilcoxon　t-test　was　used　for
　　　　　data　from　each　of　the　24　channels.
Fig.7Multiple　comparisons　of　brain　activity　during　um-chewing　in　the　ClassⅡgroup(P<0.05).
　　　　　To　determine　differences　b tween　without　aTBA　and　with　a　TBA　set　at　O　mm　of　advancement,
　　　　　aWilcoxon　t-test　was　used.
1evels　were　determined　under　the　following　6
conditions:without　a　TBA,　and　with　a　TBA
with　the　mandibular　advancement　set　at　O,2,4,
6and　8　mm(Fig.1).　For　setting　the　amount　of
construction　bite,　a　digimatic　caliper(Mitsutoyo
Co.,　Kanagawa,　Japan)with　a　 minimum
indication　of　O.01　mm　and　instrumental　error　of
±0.02mm　was　employed.
　　After　beginning　the　measurment,　the　subject
was　asked　to　keep　the　lower　jaw　at　rest　for　40
seconds,　then　to　begin　the　gum　chewing　task　for
20seconds　and　rest　again　for　40　seconds,　after
which　the　measurment　was　completed(Fig.
2).For　the　task,　the　subjects　were　instructed
to　chew　in　a　uniform　rhythm,　but　freely　under
each　condition.　Before　changing　the　condition,　a
5-minute　rest　period　was　provided.
　　4.　lnvestigation　of　unpIeasant　feelings　and
　　　related　sites　using　avisual　nalog　scale(VAS)
　　As　shown　in　thefigure　b low,　the　leftedge　of
(22)
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a10-cm　 VAS　was　designated　as"no　unpleasant
feeling"and　the　right　edge　as“strong　unpleasant
feeling".　The　subjects　were　instructed　to　note
the　intensity　of　any　unpleasant　feeling　they　had
on　the　10-cm　VAS　and　also　note　the　site　for　each
condition.
　　5.Measurement　 of　cerebral　activity　during
　　 gum　chewing　task
　　For　measuring　brain　actMtX　optical　topography
equipment(Hitachi　Medico　ETG-100,　 Tbkyo,
Japan)was　 used.　Optical　topography　utilizes
the　optical　absorption　properties　of　Oxy-Hb　 and
Deoxy-Hb.　It　is　a　non-invasive　cerebral　function
measuring　 system　 that　uses　near-infrared
light　at　2　wave　lengths,720　and　820　nm.　It　has
relatively　high　biological　permeability　to　detect
changes　in　the　levels　of　Oxy-Hb,　Deoxy-Hb,　and
Total-Hb　in　cerebra1　tissue,　and　at　the　same　time
creates　a　two-dimensional　picture　of　cortical
activity　at　minimum　 O.1-second　intervals　using
multi-channel　optical　measurements.
　　Tb　determine　the　levels　of　Oxy-Hb　 in　the
prefrontal　cortex,　which　is　involved　in　pleasant
and　unpleasant　fee1ings,　an　optical　fiber　cap　with
12probes　on　one　side(illumination-detection
distance　30　mm,24　 channels)was　attached　to
the　frontal　region　of　each　subject.　The　room
temperature　was　set　at　25±1℃.For　 measuring
brain　activity　using　near-infrared　light,　the
region　equivalent　to　the　prefrontal　cortex　was
identified　in　 accordance　with　 International
Procedure　10-20.
　　6.Data　analysis
　　There　was　an　approximately　6-second　time-
lag　before　any　change　in　neuron　activity　was
reflected　as　a　change　in　cerebral　blood　flow18),
thus　the　gradient　of　the　primary　line　obtained
from　the　linearized　curve　of　the　waveform　for
the　10-second　period　beginning　from　6　seconds
after　the　start　of　gum　 chewing　under　 each
condition　was　used　to　indicate　the　changes　in
Oxy-Hb　 levels(Fig.3).　Blood　flow　was　measured
at　12　points　on　each　side,　for　a　total　of　24　sites.
For　the　gradient　of　the　waveform　of　the　Oxy-Hb
levels,　a positive　sign(+)was　 used　to　indicate
an　increase　and　a　negative　sign(一)to　indicate
adecrease.
　　Tb　determine　differences　between　with　and
without　a　TBA　in　the　Class　I　group,　a　Wilcoxon
t-test　was　used　for　data　from　each　of　the　24
channels.　For　determining　differences　among
subjects　with　and　without　a　TBA　 in　the　Class　I
andⅡgroups,　 a　Mann-Whitney　 U-test　was
used　for　data　from　each　of　the　24　channels.　Tb
determine　differences　between　without　a　TBA
and　with　a　TBA　 set　at　O　mm　 of　advancement
in　the　ClassⅡgroup,　 a　Wilcoxon　t-test　was
used.　In　addition,　for　examining　the　differences
among　the　5　positions　of　O,2,4,6,　and　8　mm　 of
mandibular　advancement,　a　Friedman'sχ2r-
test　was　used.　For　comparing　VAs　scores　in　the
ClassⅡgroup　without　a　TBA　 and　with　a　TBA　at
O,2,4,6,and　8　mm　 ofadvancement,　a　Friedman's
χ2r-test　was　used.　For　a11　statistical　nalyses,
the　sPSS　 statistical　nalysis　sof七ware　package
(sPss　16.OJ,　SPSs　Co.,　Tokyo)was　employed.
REsULTS
　　1.VAS　measurement
　　The　intensity　ofunpleasant　feelings　while
gum　chewing　without　a TBA　and　with　a　TBA
with　mandibular　advancement　of　O,2,4,6,　and
8mm　 were　rated　using　a　VAs,　and　the　results
were　examined　with　Friedman'sχ2r-test.　The
VAS　ratings　for　unpleasant　feelings　became
significantly　higher(p<0.05)as　mandibular
advancement　increased(Fig.4),　indicating　that
mandibular　advancement　causes　discomfort.
　　2.Measurement　of　prefrontal　cortex　activity
　　1)Effects　of　TBA　fitting　on pleasant　and
unpleasant　feelings
　　The　ClassⅡ　group　without　a　TBA　showed
asignificantly　lower(p<0.05)level　of　Oxy-Hb
than　the　Class　I group　without　aTBA(median,
(23)
184 奥　 羽　 大 歯 学　 誌 2011
-1.1x10-3;interquartile　　range,　 1.Ox10-3)　　at
channel　8　in　the　left　hemisphere,　which　 is
considered　to　be　the　area　of　the　prefrontal　cortex
related　to　pleasant　and　 unpleasant　feelings
(p<0.05)(Fig.5).　There　 were　 no　significant
differences　observedbetween　the　groups　without
aTBA　 at　any　of　the　other　channels.
　　In　the　Class　I　group,　the　levels　at　channels
16(median:-9.3x10-4,　 interquartile　range:
2.2x10-3)and　23(median　 3.6x10-4,　interquartile
range:2.5x10-3)with　a　TBA　 were　compared
with　those　obtained　without　a　TBA　at　channels
16(median:-2.4x10-4,　 interquartile　range:
2.5x10-3)and　23(median:-8.Ox10-4,interquartile
range:2.2x10-3),　which　showed　that　the　levels
were　significantly　elevated　with　a　TBA(p<0.05)
(Fig.6).
　　In　the　ClassⅡgroup,　the　levels　of　Oxy-Hb　 at
channels　15(median:9.7x10-4,　interquartie　range:
2.5x10'3)and　19　 (median:3.Ox10-4,　interquartie
range:2.1x10-3),　which　 are　 considered　to
represent　the　area　of　unpleasant　feelings　in　the
prefrontal　cortex,　in　subjects　with　a　TBA　 were
compared　with　those　obtained　without　a　TBA　at
channels　15(median:-6.9x10-4,　interquartile
range:1.8x10-3)and　 19　 (median:-8.9x10-4,
interquartile　range:1.2x10-3),which　again　showed
that　the　1evels　were　significantly　elevated　with
aTBA(p<0.05)(Fig.7).
　　In　contrast,　a comparison　between　the　Class　I
group　and　ClassⅡgroup　with　a　TBA　at　O　mm　 of
mandibular　advancement　found　no　significant
differences　for　any　of　the　channels　between　the
groups.　These　findings　indicate　that　a　TBA　 can
cause　unpleasant　feelings.
　　2)Effects　of　amount　mandibular　advancement
on　pleasant　and　unpleasant　feelings
　　Under　 the　 5　 conditions　of　 mandibular
advancement　 with　a　TBA(0,2,4,6,　 and　8
mm),　the　levels　were　measured　and　the　results
examined　using　Friedman'sχ2r-test.　However,
no　 significant　differences　were　 observed
among　 the　various　conditions,　indicating　that
mandibular　advancement　with　a　TBA　 does　not
exacerbate　unpleasant　feelings.
DIscusSION
　　In　the　present　study,　the　Oxy-Hb　levels
in　subjects　with　a　TBA　were　elevated　after
attachment　of　the　appliance　in　both　the
Class　I and　ClassⅡ　groups,　though　significant
differences　w re　observedonly　for　channels　in　the
right　hemisphere.　Maeda　and　Fukumi19)studied
healthy　subjects　whose　bite　was　raised　by　3,5,
and　7　mm　with　a　mouthpiece　and　reported　that
brain　activity　was　elevated　most　in　those　with
5-mm　bite　jumping.　In　the　present　study,　the
bite　was　raised　from　3-5mm　at　the　molars　when
aTBA　 was　fitted.　Accordingly,　we　speculated
that　brain　activity　was　most　enhanced　following
those　adjustments.　However,　brain　activity　was
significantly　elevated　only　in　the　right　prefrontal
cortex.　It　has　been　shown　that　brain　activity
in　the　right　hemisphere　reflects　unpleasant
feelings8～12).　Accordingly,we　considered　that　the
elevation　i brain　activity　just　after　TBA　fitting
reflects　the　unpleasant　feelings　induced　by　gum
chewing　with　an　advanced　bite.　Moreover,　there
were　no　significant　differences　between　the
Class　I and　ClassⅡgroups　with　a　TBA　for　any
of　the　recorded　channels.　We　speculated　that
this　was　because　the　unpleasant　feelings　had
already　manifested　after　TBs　fitting　in both
groups・
　　In　the　ClassⅡ　 group,　the　lower　jaw　was
advanced　to　5　positions(0,2,4,6,　and 8　mm)
with　a　TBA.　Analysis　u ing　Friedman'sχ2r-test
showed　no　statistically　significant　differences
among　those　settings,　which　suggested　that　the
unpleasant　feeling　induced　by　bite　jumping　is
not　increased　bygreater　amounts　of　mandibular
advancement.　These　results　agree　with　the
findings　of　Hashimoto　etal20).,　who　observed
no　significant　brain　activity　with　mandibular
(24)
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advancement　up　to　67%of　 the　most　protruded
position　with　an　intraoral　appliance　used　for
sleep　apnea.
　　Using　a　VAs,　we　 examined　the　differences
among　 the　6　conditions　with　a　TBA　 and　the
condition　without　a　TBA　 using　Friedman'sχ2
r-test.　The　subjects　wearing　a　TBA　 noted　that
the　unpleasant　feelings　became　 significantly
greater　as　 the　 mandible　 was　 advanced.
Interestingly,　brain　activity　in　the　prefrontal
cortex,　considered　to　reflect　unpleasant　ff)e1ings,
did　not　increase　with　mandibular　advancement,
whi1e　the　VAs　results　increased　with　mandibular
advancement.　Accordingly,　it　is　considered　that
the　TBA　fitting　itself　induced　unpleasant　feeling
and　affected　the　VAs　results.
　　Aggarwal　 etal21).　longitudinally　analyzed
electromyogram　findings　for　up　 to　6　months
after　TBA　 fitting　and　concluded　that　it　was
strongly　likely　that　sagittal　rearrangement　of　a
retrograded　mandible　in　a　ClassⅡdiv　 l　patient
will　occur　within　about　3　months　 af七er　the
start　of　treatment　using　a　functional　appliance.
Pancherz　etal22).　also　reported　that　dysfunction
of　the　masseter　muscle　based　on　EMG　 analysis
was　observed　for　the　first　3 months　after　fitting
of　a　Herbst　appliance,　a　fixed-type　appliance
used　to　facilitate　mandibular　growth　in　patients
with　bradyauxesis,　and　that　it　took　6　months　to
recover　the　level　after丘tting.　We　consider　that
resu1ts　obtained　in　the　present　study　regarding
the　increase　of　unpleasant　feelings　for　l　month
af七er　TBA　 fitting　are　consistent　with　those
previousfindings.
　　Nakajo　etal23).　found　a　significant　difference
in　the　prefrontal　cortex　and　parietal　association
areas　with　tapping　for　mandibular　guidance
to　a　 protruded　position,　which　 was　 greater
than　that　seen　with　bite　raising.　Moreover,
Nakamura　 etal24).　monitored　brain　activity　in
the　primary　motor　area　when　 the　mandible
was　advanced　to　a　protruded　position　by　TBA
且tting　and　speculated　that　such　fitting　exerts
stress　on　mandibular　movement.　In　the　present
stud又we　 considered　that　the　effect　of　chewing
movement　 on　the　modified　mandibular　position
also　affected　the　motor　area　of　the　brain　that
controls　muscular　activity　and　the　sensory　area
involved　in　the　sense　of　discomfort　associated
with　fitting　of　the　appliance.
CONCLusION
　　Our　findings　clarified　that　it　is　possible　to
measure　unpleasant　feelings　a sociated　with
TBA　 fitting　by　determining　blood　Oxy-Hb
levels　in　the　prefrontal　cortex.　We found　that
mandibular　advancement　did　not　increase
unpleasant　feelings,　though　discomfort　was
induced　at　the　time　of　TBA　fitting.　It　is　suggested
that　monitoring　unpleasant　fee1ings　inpatients
fitting　with　TBA　is　clinically　usefu1.
ACKNOWLEDGMENTs
　 We　thank　the　members　of　the　Division　of　Orthodontics
for　their　cooperation　with　this　study.We　also　greatly
appreciate　he　instruction　and　assistance　r garding　the
measurement　and　analysis　of　brain　function　provided
by　Associate　Professor　Rieko　Takaya　of　the　Faculty
of　Human　 Development　and　Culture,　Fukushima
Universit¥
　 Asummary　of　the　present　study　was　presented　at　the
46th　Convention　of　the　Ohu　University　Dental　Society
(November　8,2008,　koriyama).
1)
2)
3)
4)
REFERENCEs
Ang1e,　E.　H.:6th　ed.　Treatment　of　malocclu-
sion　of　the　teeth　and　fractures　ofthe　maxi11ae,
The　s,　s　White　Dental　Manufacturing　Compa-
ny　　58;34-44　　1977.
Drelich,　R.C.,　City,　J.:ACephalometric　study
of　untreated　ClassⅡ,division　1　malocclusion,
Angle　Orthod.　18;70-75　1948.
Craig,　C.　E.,　Vancouver,　B.　C.:The　skeIetal
patterns　characteristic　of　Class　and　ClassⅡ,
division　l malocclusions　innorma　lateralis,
Angle　Orthod.　21;44-56　1951。
McNamara,　J.　A.:Components　of　ClassⅡ
malocclusion　in　children　8-10　years　of　age,
(25)
186
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
奥　 羽　 大　 歯　 学 誌 2011
Angle　Orthod.　51;177-202　1981.
Chung,　C.　H.,　Wong,　W.　W.:Craniofacial
growth　in　untreated　skeletal　C1assⅡsub-
jects:Alongitudinal　study,　Am.　J.　Orthod.
Dentofacia10rthop.　122;619-626　2002.
Chintakanon,　K.,　sampson,　W.,　Wilkinson,　T.,
Townsend,　G.:Aprospective　study　of　Twin-
block　appliance　therapy　assessed　by　magnetic
resonance　imaging,　Am.　J.　Orthod.　Dentofacial
Orthop.　118;494-504　2000.
Clark,　W.　J.:The　twin　block　technique,　Am.　J.
Orthod.　Dentofacia10rthop.　93;1-18　1988.
Davidson,　R.　J.:Frontal　brain　asymmetry
predicts　infants'response　to　maternal　separa-
tion,　J.　Abnorm.　Psycho1.98;127-131　1989.
Ueda,　K.,　Okamoto,　Y,　Okada,　G.,　Yamashita,
H.,Hori,　T.,　Yamawaki,　s.:Brain　activity
during　expectancy　of　emotional　stimuli:an
fMRI　stud又Neuroreport　14;51-55　2003.
Morinaga,　K.,　Akiyoshi,　J.,　Matsushita,　H.,
Ichioka,　S.,　Tanaka,　Y.,　Tsuru,　J.,　etαl.:An-
ticipatory　anxiety-induced　changes　in　human
lateral　prefrontal　cortex　activity,　Biol.　Psycho1.
74;34-38　　2007.
Hsrrmann,　M.　J.,　Ehlis,　A.　C.,　Fallgatter,　A.　J.:
Prefrontal　activation　through　task　require-
ments　of　emotional　induction　measured　with
NIRs,　Bio1.　Psycho1.　64;255-263.
Wang,　J.,　Rao,　H.,　Wetmore,　G.　S.,　Furlan,　P.
M.,Korczykowski,　M.,　Dinges,　D.　E,　etαl.:
Perfusion　functiona1　MRI　reveals　cerebral
blood　fiow　pattern　under　psychological　stress,
Proc.　Natl.　Acad.　Sci.　UsA　 102;17804-17809
2005.
Ginsberg,　M.　D.,　Dietrich,　W. D.,　Busto,　R.:
Coupled　forebrain　increases　of　local　cerebral
glucose　utl血zation　andblood　flow　dunng　physiologic
stimulation　of　a　somatosensory　pathway　in
the　rat:Demonstration　by double-1abel　auto・
radiograph弘Neurology　37;11-19　1987.
Onozuka,　M.,　Fujita,　M.,　Watanabe,　K.,　Hirano,
Y,Niwa,　M,　Nishiyama,　K.,　etal.:Age-related
changes　in　brain　regional　activity　during
chewing:afhnctional　magnetic　resonance　imag-
ing　study,　J.　Dent.　Res.　82;657-660　2003.
Takada,　T.,　Miyamoto,　T.:Afronto-parietal
network　for　chewing　of　gum:astudy　on　hu-
man　subjects　with　functional　magnetic　reso-
nance　imaging,　Neurosci.　Lett.360;137-149
2004.
16)
17)
18)
19)
20)
21)
22)
23)
24)
Sasaki,　A.:Influence　of　Mastication　on　the
amount　of　hemoglobin　in　human　brain　tissue,
Kokubyo　Gakkai　Zasshi　68;72-81　2001.
Harry,　L.　L,　Charles,　J.　B.:Sof七tissue　c pha-
lometric　analysis　for　orthognathic　surgery,　J.
Oral　Surgery　38;744-751　1980.
Sakai,　K.:Cerebral　function　mapping　by　optical
topography,Radioisotopes.　49;115-116　2000.
Maeda,　T.,　Fukumi,　H.:Study　on　the　kinetic
effects　of　occlusal　elevation(2)study　on the
re1ationship　between　occlusal　elevation　and
brain　activity,　Journal　of　Fukui　University　of
Technology　　33;261-266　2003.
Hashimoto,　K.,　Ono,　T.,　Honda,　E.,　Maeda,　K.,
shinagawa,　H.,　Tsuiki,　S.,　etal.:Effects　of
mandibular　advancement　on　brain　activation
during　inspiratory　loading　in　healthy　subjects:
afunctional　magnetic　resonance　imaging
study,　J.　Appl.　Physiol.　100;579-586　2006.
Aggarwal,　P.,　Kharbanda,0.　P.,　Mathur,　R.,
Dugga1,　R.,　Parkash,　H.:Muscle　response　to
the　twin-block　appliance:an　electromyo-
graphic　study　of　the　masseter　and　anterior
tempora1　muscles,　Am.　J.　Orthod.　116;
405-411　1999.
Pancherz,　H.,　Anehus-Pancherz,　M.:The　ef-
fect　of　continuous　bite　jumping　with　the
Herbst　appliance　on　the　masticatory　s stem:
afunctional　analysis　of　treated　ClassⅡmal-
occlusions,　Eur.　J.　Orthod.　4;37-44　1982.
Nakajo,　T.,　sato,　K.,　Mitani,　H.,　Watanabe,　Y:
Effects　of　artificial　premature　contact　on　dy-
namics　of　cerebral　b ood　flow-Examination　us-
ing　functional　MRI-,　Ortod.　waves-Jpn.
Ed.　 65;101-111　2006.
Nakamura,　S.,　Himuro,　T.,　Fukui,　K.:Changes
in　cranio-facia1　soft　issue　surface　temperature
and　brain　activity　during　tapping　with　Twin
block　appliance,　Orthod.　Waves　 65;112-119
2006.
著 者 へ の 連 絡 先:吉 永 聡,(〒963-8611)郡 山 市 富 田 町
字 三 角 堂31-1　 奥 羽 大 学 歯 学 部 成 長 発 育 歯 学 講 座 歯 科 矯
正 学 分 野
Reprint　requests:satoshi　YOsHINAGA,　 Division　of
Orthodontics　and　Dentofacia10rthopedics,　Department
of　Oral　Growth　and　Development,　Ohu　University
School　of　Dentistry
31-1Misumido,　Tbmita,　Koriyama,963-8611,　Japan
(26)
